This article focuses on stability indicating RP-HPLC method for simultaneous estimation of Frusemide and Amiloride Hydrochloride as API and in tablet dosage form, validation of developed method and its application in pharmaceutical companies. Acetonitrile, potassium di hydrogen phosphate and phosphoric acid were used. Chromatographic conditions comprised of C 18 column (250 × 4.6 mm, 5 µm), mobile phase of phosphate buffer pH 3.0 and acetonitrile in 50:50 ratio, flow rate at 1 ml/min, ultraviolet detection at 283 nm. The retention time of Frusemide was found to be 3.038 min. and Amiloride Hydrochloride was 10.002 min. respectively. The linear regression analysis for calibration plots showed correlation coefficient, r = 0.99995 at concentration range of 20 to 200 µg/ml for Frusemide and r = 0.99925 at concentration range of 10 to 100 µg/ml for Amiloride hydrochloride. The stability studied indicated that the drugs are susceptible to wet heat, dry heat, day light, acidic and alkaline conditions with maximum degradation in oxidation degradation. Statistical analysis proved the developed RP-HPLC method as simple, reproducible and selective for the estimation of Frusemide and Amiloride hydrochloride in tablet dosage form and it can be employed as stability-indicating method.
Introduction:
Frusemide (Fru) is chemically 4-chloro-2-furfurylamino-5-sulphamoyl benzoic acid. It is a potent loop diuretic 1 . It acts primarily by blocking sodium and chloride reabsorption in the ascending limb of the loop of Henle. Fru helps to conserve potassium and minimize the risk of alkalosis, in the treatment of oedema associated with hepatic cirrhosis and congestive heart failure. Amiloride hydrochloride (Ami) is 3,5-diamino-N-(diaminomethylene)-6 chloropyrazinecarboxamide monohydrochloride dehydrate. It is a potassium sparing diuretic 1 . Ami in conjunction with thiazide loop diuretics such as Fru, reduces overall fluid volume in the body and help to control symptoms of heart disease, kidney and liver disease 2,3 . Both drugs are official in IP 4, 7 , BP 5, 9 Germany) with PU-1580 double reciprocating pump, UV-1575 UV detector, and RP-C18 column (5 µm particle size) was used. The RP-HPLC system was equipped with winchrom software for data processing. Method was developed using a HIQ SIL, C18 (250 X 4.6 mm, 5 µm) column with a flow rate of 1 ml/min 3. Methods: 3.1. Chromatographic conditions: Chromatographic separation was achieved at 26˚C on a reversed phase column using a mobile-phase consisting of acetonitrile and 50 mM phosphate buffer (pH of 3.0 ± 0.05) in the ratio of 50:50 v/v. The flow rate was kept at 1 ml/min and detection was performed at 283 nm. The injection volume was 10 µl. Standard solution containing frusemide and amiloride hydrochloride were prepared from stock solution by suitable dilution to get a concentration of 200 µg/ml and 100 µg/ml respectively. 3.2. Diluent preparation: Mobile phase consisting of acetonitrile and phosphate buffer (pH of 3.0 ± 0.05) in the ratio of 50:50 v/v was used as the diluent. 3.3. Stock solutions preparation of frusemide and amiloride hydrochloride: Frusemide (20 mg) was accurately weighed and transferred to 100 ml volumetric flask; 50 ml of diluent was added to it and the final volume was made upto 100 ml mark using the same solvent. The solution was filtered through 0.45 µm membrane filter. The solution was sonicated for 10 min for degassing. The final solution contained 200 µg/ml of Frusemide. Amiloride hydrochloride (10 mg) was accurately weighed and transferred to 100 ml volumetric flask; 50 ml of mobile phase was added to it and final volume was made upto 100 ml mark using the same solvent. The solution was filtered through 0.45 µm membrane filter. The solution was sonicated for 10 min for degassing. The final solution contained 100 µg/ml of Amiloride Hydrochloride. 3.4. Standard preparation of frusemide and amiloride hydrochloride: Standard solution of frusemide (2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 ml) was pipetted out in a series of ten, 10 ml volumetric flasks respectively. The volume in each flask was adjusted to 10 ml mark with mobile phase and mixed the contents so as to obtain a final concentration in the range of 20 to 200 µg/ml. The solution was filtered through 0.45 µm membrane filter. The solution was then sonicated for 10 min for degassing. This final solution contains 20, 40, 60, 80, 100, 120, 140, 160, 180 and 200 µg/ml of Frusemide. The filtered solution was injected into the HPLC system. The chromatogram is shown in figure 1 . Standard solution of amiloride hydrochloride (1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml) was pipetted out in a series of ten, 10 ml volumetric flasks respectively. The volume in each flask was adjusted to 10 ml mark with mobile phase and mixed the contents so as to obtain a final concentration in the range of 10 to 100 µg/ml. The solution was filtered through 0.45 µm membrane filter. The solution was then sonicated for 10 min for degassing. This final solution contains 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 µg/ml of Frusemide. The filtered solution was injected into the HPLC system. The chromatogram is shown in figure 2.
Synthetic mixture preparation of frusemide and amiloride hydrochloride:
The API mixture of frusemide and amiloride hydrochloride was prepared in the ratio of 8:1. The decision of this ratio of drugs in the API mixture was based upon the dosage strength of combination, which is available in the market. Accurately weighed 80 mg of frusemide and 10 mg of amiloride hydrochloride were transferred to100 ml volumetric flask, dissolved and diluted to 100 ml with mobile phase. The solution was filtered through 0.45 µm membrane filter. The solution was then sonicated for 10 min for degassing. The filtered solution was injected into the HPLC system. The chromatogram is shown in figure 3 . 3.6. Accelerated degradation study of synthetic mixture of frusemide and amiloride hydrochloride solution 3.6.1. Wet heat degradation: 100 ml of synthetic mixture of frusemide and amiloride hydrochloride solution was refluxed on a water bath for 1 hour at 60°C. Then the solution was cooled upto room temperature. The solution was filtered through 0.45 µm membrane filter and was sonicated for 10 min. for degassing. The solution was immediately injected into the HPLC system and was then analyzed. 3.6.2. Dry heat degradation: The drugs were stored in an oven at 105°C for 1 hour. From this accurately weighed frusemide and amiloride hydrochloride in the ratio of 8:1 was transferred to 100 ml volumetric flask, added 50 ml of mobile phase and sonicated to dissolve. Then the volume was adjusted to 100 ml with the mobile phase. The solution was filtered through 0.45 µm membrane filter and was sonicated for 10 min. for degassing. The solution was immediately injected into the HPLC system and was then analyzed. 3.6.3. Photochemical degradation: 10 ml of synthetic mixture of frusemide and amiloride hydrochloride solution was exposed to direct sunlight for 17 hours. The solution was filtered through 0.45 µm membrane filter and was sonicated for 10 min. for degassing. The solution was immediately injected into the HPLC system and was then analyzed. 3.6.4. Oxidative degradation: To 10 ml of synthetic mixture of frusemide and amiloride hydrochloride solution, 10 ml of 3 % v/v hydrogen peroxide was added and the solution was shaken. The mixture was allowed to stand for 6 hours. The solution was filtered through 0.45 µm membrane filter and was sonicated for 10 min. for degassing. The solution was immediately injected into the HPLC system and was then analyzed. 3.6.5. Acidic degradation: To 10 ml of stock solution of synthetic mixture of frusemide and amiloride hydrochloride solution, 10 ml of 0.1 N hydrochloric acid was added. This solution was refluxed on water bath for 8 hours at 60°C. Then the solution was cooled to room temperature. The resulting solution was neutralized by 0.1 N sodium hydroxide solution, to avoid any interference of acid. The solution was filtered through 0.45 µm membrane filter and was sonicated for 10 min. for degassing. The solution was immediately injected into the HPLC system and was then analyzed. 3.6.6. Alkaline degradation: To 10 ml of synthetic mixture of frusemide and amiloride hydrochloride solution, 10 ml of 0.1 N sodium hydroxide was added. This solution was refluxed on water bath for 8 hours at 60°C. Then the solution was cooled to room temperature. The resulting solution was neutralized by 0.1 N hydrochloric acid solution, to avoid any interference of base. The solution was filtered through 0.45 µm membrane filter and was sonicated for 10 min. for degassing. The solution was immediately injected into the HPLC system and was then analyzed. 4. Results: 4.1.
Method development:
The chromatographic conditions were optimized with a view to develop a stability-indicating assay method. It included mobile phase of acetonitrile and phosphate buffer (pH of 3.0 ± 0.05) in the ratio of 50:50 v/v at the detection wavelength of 283 nm, acquisition time of 15 min, injection volume of 10 µl, flow rate of 1.0 ml / min and column HIQ SIL, 250 X 4.6, RP-C 18 with 5µm at a temperature of 26º C. Except acetonitrile: phosphate buffer (50:50), all the other mobile phases like pure methanol, methanol: phosphate buffer (50:50), (90:10) showed too much signal to noise ratio (asynchronous and synchronous noise), baselines were not proper (there was a noisy baseline, drifted baseline and cyclic baseline). At pH = 3.0 ± 0.05, the peaks of both the drugs got separated and were identified easily which was not in the case at pH = 11.0 ± 0.05 (three different size peaks were observed in the retention time ranging from 2 to 4 min. and they were not identified easily) while at pH = 6.0 ± 0.05, out of three peaks between 2 to 4 min. one peak got eliminated, second peak got very much decreased in size and the third peak persist, showed slight drifting. Table 1 represents the system suitability parameters for the method. 4.2. Calibration curves: From the calibration curve data, the linear regression equation and correlation coefficient for frusemide was found to be y = 8930.7x -16728, R 2 = 0.9999 and r = 0.99995. The method was found to be linear in the range of 20 to 200 µg/ml for frusemide while for amiloride hydrochloride it was found to be y =10555x + 12633, R 2 = 0.9985 and r = 0.99925, where y is peak area, x is the concentration of drug solution and r is the correlation coefficient respectively. The method was linear in the range of 10 to100 µg/ml for amiloride Hydrochloride. 4.3. Validation of the method 4.3.1. Accuracy: Accuracy was assessed using a minimum of three concentration levels in three replicate injections. In a preanalysed tablet solution having 80 µg/ml frusemide and 10 µg/ml amiloride hydrochloride, the standard solution of frusemide (80, 120 & 160 µg/ml) and amiloride hydrochloride (10, 15 & 20 µg/ml) were added in triplicate. The mean % recovery was found to be 99.98% for frusemide and 100.22% for amiloride hydrochloride. The limit for mean recovery is 90-107 %. Thus, the method was found to be accurate. Table 2 represents the accuracy data obtained for the method. 4.3.2. Precision: Precision was measured in terms of injection repeatability of method developed. Injection repeatability was assessed using six determinations at 100 percent of the test concentration 80µg/ml and 10µg/ml of frusemide and amiloride Hydrochloride respectively. The injection repeatability study showed a relative standard deviation (RSD) of 0.069 % for frusemide and 0.400 % for amiloride Hydrochloride (≤ 2). Thus, it shows that the developed method is sensitive and has ability to detect small changes in the concentration of drugs in the given sample solutions. Therefore, it is concluded that the analytical technique showed a good repeatability precision. Table 3 represents the precision data obtained for the method. 4.3.3. Robustness: Robustness of the method was determined by analyzing same sample blend at normal operating conditions and also by changing some operating analytical conditions such as flow rate, pH of the solution. The parameters and results of normal operating conditions (original) against changed conditions are included in Table 4 and 5.
These data were subjected to ANOVA test to see any significant difference between the data sets. No significant (p< 0.02) difference in mean % assay was found as the calculated value of F is lower than the critical value of F. Hence, the robustness of the method is established to the extent of variations applied to the experimental conditions. 4.3.4. Analysis of the marketed formulation: The developed method was applied to the analysis of the frusemide and amiloride hydrochloride in the marketed tablet formulation Amifru (batch no. 0605004, Elder Pharmaceuticals). The results of analysis are given in Table 6 and 7. The contents of frusemide and amiloride hydrochloride were found in the range with RSD less than 2% which indicates the suitability of the method for routine analysis of frusemide and amiloride hydrochloride in pharmaceutical dosage forms. 4.4.Stability indicating property: The % drugs recovery, retention time of frusemide & amiloride hydrochloride (min) with stress conditions and time duration are given in Table 8 . The stressed condition samples are evaluated relative to the control sample with respect to % drugs recovery, retention time. The high % degradation of frusemide & amiloride hydrochloride indicates that the drugs are susceptible to wet heat, dry heat, day light, acidic and alkaline conditions with maximum degradation observed in oxidation degradation. Dry heat < Wet heat < Acid < Alkaline < Day light < Oxidation.
5.Discussion:
It is evident from the study of RP-HPLC method that the newly developed method can be used for routine analysis as an alternate method for the simultaneous estimation of frusemide and amiloride Hydrochloride in bulk and tablet dosage form. It can also be employed for stability studies in the pharmaceutical industry but with certain limitations that only HPLC grade solvents are to be used for the experimental works. All the preparations have to be degassed and micro filtered before injection into the column. Purging, flushing and priming are necessary, both before and after the completion of experimental works.
Conclusion:
The developed HPLC technique is precise, accurate and stability indicating. Statistical analysis proves that the method is reproducible and selective for the analysis of Frusemide and Amiloride hydrochloride in pharmaceutical tablet dosage form. As the method estimates the tablet dosage form in presence of their degradation products, it can be employed as a stability indicating method.
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